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One Dimensional Chainlike Coordination Polymer Constructed from Binuclear
Copper Clusters Linked by Flexible Bis(triazole) Ligands: Synthesis,
Structure and Luminescent Property

DU Xiao-Di*!' LI Chun-Yang® CHANG Jia-Zhong® WANG Zhen-Ling™"!
(*Department of Chemistry, Zhoukou Normal University, Zhoukou, Henan 466001, China)
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Abstract: A one dimensional chainlike copper coordination polymer [Cuy(bza),(btx)], (1) (btx=1,4-bis(1,2,4-triazol-
1-ylmethyl)benzene, Hbza=benzoic acid) based on binuclear copper units and the flexible bis(triazole) ligands has
been synthesized and characterized by element analysis, IR spectra, single-crystal X-ray diffraction, thermal
analysis, luminescent property. The crystallographic data shows that complex 1 crystallizes in triclinic space
group P1 with a=1.063 70(10) nm, b=1.251 38(12) nm, ¢=1.530 15(14) nm, «=93.662(2)°, 8=92.369(2)°, y=
104.387(2)°, V=1.965 4(3) nm?, C4H3,Cu,NsOg, M=851.80, D.=1.439 g-cm™, w(Mo Ka)=1.141 mm™, F(000)=872,
GOF=0.919, Z=2, the final R,=0.052 7 and wR,=0.095 7 for [>20(I). In 1, all the carboxylate ligands adopt the
bidentate bridging mode binding two Cu atoms, and four bza™ ligands connect the neighboring two copper ions in
a chelating coordinated mode to form a binuclear copper cluster (d¢,.,=0.26 nm). Then the neighboring binuclear
copper clusters are further linked by the flexible bis (iriazole) ligands generating the infinite one dimensional
chains. The thermal analysis illustrate that compound 1 retains a comparatively good thermal stability and the
luminescent spectrum shows that complex 1 shows strong fluorescent emission with a maximum at 530 nm at A=

398 nm. CCDC: 854824.
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Design and synthesis of metal-organic coordina-
tion polymers have been achieving rapidly increasing
attention because of their intriguing variety of
architectures, topologies, and potential applications as
functional materials!"?. Versatile synthetic approaches
for the assembly of target structures have been
developed. In 2003, Yaghi has put forward the
Reticular synthesis, which shown that the design of an
extended network can be realized by starting with
well-defined and rigid molecular building blocks that
will maintain their structural integrity throughout the
construction process 9. The key to success is the
design of the molecular building blocks which direct
the formation of the desired architectural, chemical,
and physical properties of the resulting solid-state
materials. So the polycarboxylates are good candidate
to construct the secondary building units (SBUs).
Additionally, in contrast to the bond of metal-N, the
bond metal-O is more stable, which may result more
thermal stable framework!™. Up to now, a large number
of coordination polymers based on the multicarboxyl
ligands have been obtained, which exhibit the
diversified structural topologies and the interesting
applications as functional materials in porosity, magn-
etism, optics, etc®™". Among the organic carboxylate
acid, the structure of benzoic acid is the most simple,
so the influence of the controllable synthesis for the
target framework may be observed more directly and
more clearly, which may provide the clear and direct
material for the future research.

Another important branch in this field is the
(MOFs) based on the N-

heterocycle ligands, such as pyridine, imidazole,

metal-organic frameworks

trizole and tetrazole etc, which have strong metal
binding capability and versatile coordination modes'*".
Recently, the introduction of the flexible ligands has
become more popular. For example, flexible bis
(pyridine)", bis (imidazole)'", bis (triazole)!"”, and bis
(tetrazole) ™ ligands have been exploited to construct
MOFs with interesting architectures and functions.
The flexibility and conformational freedom of such
to conform to the

flexible ligands allow them

environment of the metal ions or inorganic building

blocks,

unprecedented frameworks with interesting structures

providing the possibility to construct

and properties. Among the flexible pyridinyl ligands,
1,4-bis (btx) s

especially interesting with respect to the following

(1,2,4-triazol-1-ylmethyl)benzene

considerations: (i) The bis(triazole) ligand combine the
of both

pyrazoles to provide more potential coordination sites;

coordination  geometry imidazoles and
(i) The ligand can act as bridges to construct high
dimensional framework. These characteristics may
result the construction of diversified attractive
frameworks ™. Herein, by utilizing benzoic acid and
flexible bis (triazole) ligand to construct the secondary
building units and extending the dimensional of the
especially, the new one dimensional
coordination polymer [Cu,(bza)y(btx)], (1) (btx=1,4-bis

(1,2,4-triazol-1-ylmethyl)benzene, Hbza=benzoic acid)

framework,

based on the binuclear copper units has been
successfully prepared and characterized in this paper.
The thermal analysis and luminescent measurement

for the compound was also performed.
1 Experimental

1.1 Materials and general methods

1,4-bis(1,2,4-triazol-1-ylmethyl)benzene (btx) was
synthesized according to the literature method . All
other reagents were of analytical grade and used as
obtained from commercial sources without further
purification. Elemental analyses for C, H and N were
performed on a Perkin-Elmer 240C analyzer. Infrared
spectra were recorded on a Nicolet 6700 Spectropho-
tometer with KBr pellets in the 400~4 000 cm™ region.
The powder XRD patterns were recorded on a Bruker
D8 X-ray diffractometer. Thermal analyses (TGA)
were collected on a PerkinElmer STA6000 TGA
analyzer from room temperature to 700 °C with a heating
rate of 20 °C +min ™' under nitrogen. Steady state
fluorescence measurements were performed using
PerkinElmer LS55 at
temperature in solid state.
1.2 Synthesis of [Cuy(bza),(btx)], (1)

A mixture of btx (0.2 mmol, 42 mg), benzoic acid
(0.6 mmol, 73 mg), Cu(NO;),-3H,0 (1 mmol, 250 mg)

spectrofluorimeter ambient
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and H,0 (12 mL) was sealed in a 25 mL Teflon-lined (s),3061 (s),1628 (s),1572 (s),1519 (m), 1493 (w),
bomb and heated at 155 °C for 3 d. The reaction 1405(s), 1 280 (m), 1 198(w), 1 175(m), 1 130(s), 1 068
mixture was slowly cooled to room temperature. Green (w), 1 018(w), 985(w), 844 (w), 771 (w), 702 (s), 685
block crystals of 1 suitable for X-ray diffraction (s), 485 (s), 444(s).

analysis were isolated in 63% yield. Anal. Caled. for 1.3 X-ray crystallography

CyoHCuNgOg (%): C, 56.40; H, 3.79; N, 9.87. Found A single crystal of 1 with dimensions of 0.22
(%): C, 56.50; H, 3.91; N, 9.94. IR (KBr, cm™): 3 140 mm X0.20 mm X0.15 mm was mounted on a Bruker

Table 1 Crystallographic data for complex 1

Empirical formula C4oH3CusNOg V / nm® 1.9654(3)
Formula weight 851.80 Z 2

Crystal size / mm 0.22x0.20x0.15 D,/ (g-cm?) 1.439
Temperature / K 296(2) w/ mm™ 1.141
Crystal system Triclinic F(000) 872

Space group Pl 0 range / (°) 1.34~25.10
a/nm 1.063 70(10) Reflections collected / unique 10 158 / 6 948
b / nm 1.251 38(12) Goodness of fit on F* 0.919

¢/ nm 1.530 15(14) R (I>20(1)) 0.052 7
al(°) 93.662(2) wR (I>20(1)) 0.095 7a
B1(°) 92.369(2) Parameters 503

v/ (°) 104.387(2) Aprs Mpuin 1 (€-nm™) 308, -348

* w=1/[o(F)+(0.040 OPY] where P=(Max(F20)+2F /3.

Table 2 Selected bond lengths (nm) and angles (°) for complex 1

Cu(1)-0(2a) 0.197 0(3) Cu(1)-0(1) 0.196 9(3) Cu(1)-03) 0.197 0(3)
Cu(1)-O(4a) 0.198 8(3) Cu(1)-N3) 0.216 2(3) Cu(1)-+Cu(la) 0.265 1(10)
Cu(2)-0(6b) 0.195 7(3) Cu(2)-0(8b) 0.196 1(3) Cu(2)-0(5) 0.197 3(3)
Cu(2)-0(7) 0.197 6(3) Cu(2)-N(6) 0.213 0(4) Cu(2)-+Cu(2b) 0.263 1(11)
0(3)-C(26) 0.126 3(5) 0(2)-C(19) 0.125 2(5) 0(2)-Cu(la) 0.197 0(3)
0(4)-C(26) 0.124 8(5) 0(4)-Cu(1a) 0.198 8(3) 0(1)-C(19) 0.127 2(5)
0(5)-C(33) 0.127 1(5) 0(8)-C(40) 0.125 2(6) 0(8)-Cu(2b) 0.196 1(3)
0(7)-C(40) 0.125 4(5) 0(6)-C(33) 0.126 4(5) 0(6)-Cu(2b) 0.195 7(3)

0(2a)-Cu(1)-0(1) 167.70(12) 0(2a)-Cu(1)-0(3) 91.61(13) 0(1)-Cu(1)- 0(3) 89.54(13)

0(2a)-Cu(1)-O(4a) 87.65(13) 0(1)-Cu(1)-0(4a) 88.67(13) 0(3)-Cu(1)-0(da 167.91(12)

0(2a)-Cu(1)-N(3) 87.20(13) 0(1)-Cu(1)-N(3) 104.65(13) 0(3)-Cu(1)- N(3) 100.23(13)

0(4a)-Cu(1)-N(3) 91.79(13) 0(2a)-Cu(1)-Cu(1a) 78.66(9) 0(1)-Cu(1)-Cu(1a) 89.29(9)

0(3)-Cu(1)-Cu(1a) 83.80(9) O(4a)-Cu(1)-Cu(1a) 84.22(9) N(3)-Cu(1)-Cu(la) 165.43(10)

0(6h)-Cu(2)-0(8b) 88.43(15) 0(6h)-Cu(2)-0(5) 168.61(13) 0(8h)-Cu(2)-0(5) 89.23(15)

0(6h)-Cu(2)-0(7) 89.90(14) 0(8h)-Cu(2)-0(7) 168.24(14) 0(5)-Cu(2)-0(7) 90.12(14)

0(6h)-Cu(2)-N(6) 98.25(15) 0(8h)-Cu(2)-N(6) 97.68(15) 0(5)-Cu(2)-N(6) 93.11(14)

0(7)-Cu(2)-N(6) 94.08(14) 0(6h)-Cu(2)-Cu(2b) 86.12(10) 0(8h)-Cu(2)-Cu(2b) 86.23(11)

0(5)-Cu(2)-Cu(2bh) 82.60(10) 0(7)-Cu(2)-Cu(2b) 82.04(10) N(6)-Cu(2)-Cu(2b) 174.19(11)

€(26)-03)-Cu(1) 123.4(3) €(19)-0(2)-Cu(1a) 129.7(3) C(26)-0(4)-Cu(la) 122.3(3)
€(19)-0(1)-Cu(1) 116.8(3) C(33)-0(5)-Cu(2) 124.8(3) C(40)-0(8)-Cu(2b) 121.0(3)
C(40)-0(7)-Cu(2) 125.103) €(33)-0(6)-Cu(2b) 121.703)

Symmetry codes: * —x—1, —y+2, —z+1; " —x+1, —y+1, —z.
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Smart Apex CCD diffractometer equipped with a
graphite-monochromatic Mo K« radiation (A=0.071 073
nm) radiation using the ¢-w scan mode in the range
1.34°<6<25.10° at 296(2) K. A total of 10 158
reflections were collected and 6 948 were independent
with R,,=0.042 4, of which 3 859 were observed with
I>20(l). Raw frame data were integrated with the
SAINT program'™. The structure was solved by direct
methods and refined by full-matrix least-squares on F?
using SHELX-97%. An empirical absorption correction
was applied with the program SADABS™. All non-
hydrogen atoms were refined anisotropically. All the
hydrogen atoms were set in calculated positions and
refined by a riding mode, with a common thermal
parameter.  Crystallographic ~ details have  been
summarized in Table 1. Selected bond lengths and
angles for 1 are listed in Table 2.

CCDC: 854824.
2 Results and discussion

2.1 Syntheses, IR spectroscopy, and X-ray
powder diffraction
Compound 1 was obtained under the hydrothermal
condition. It is stable in air and in common solvent.
The IR spectrum of 1 displays the characteristic
of carboxylate groups for the

vibration peaks

asymmetric vibration (I 628 c¢m ™) and symmetric
(1 405 cm™)>* while the absence of the charac-
teristic bands of the carboxylic acid at around 1 690~
1 730 em™, indicates the complete deprotonation of
the benzoic acid, which is consistent with the results
of the X-ray analysis. The absorption bands at 1 572~
1 493 em™ can be attributed to the characteristic
vibrations of the aromatic rings in the carboxyl and
pyridyl
characterized bands for the aromatic rings in these

ligands. In addition, the less strong
ligands under 900 ¢cm™ (the out-of-plane motion of the
C-H groups of the aromatic rings) were also observed.
These bands at 844, 720 and 685 cm-' indicate that
there are two and five consecutive hydrogen atoms in
the aromatic rings, respectively™, which further
improved that the existence of these two kinds of

ligands in compound 1.

In the PXRD patterns for compound 1 (Fig.1),
the diffraction of  both

experimental patterns match well at the relevant

peaks simulated and
positions, indicating the phase purities of 1. The

difference in reflection intensities between the

simulated and experimental patterns is due to the
preferred orientation of the crystals in the powder

sample.

bl

T T T T T T T T
10 20 30 40 50
20/ (°)

Fig.1 PXRD patterns of the simulated from the single-
crystal diffraction data (bottom) and as-
synthesized (top) for 1
2.2 Structural description
Single-crystal X-ray structural analysis showed
that compound 1 crystallizes in the triclinic space
group P1. The asymmetric unit of 1 (Fig.2) contains
two crystallographically unique Cu’?* ions, four bza -
ligands and one btx ligand. The Cu(l) ion is five-
coordinated by four oxygen atoms (O (1), O(3), O(2a)
and O(4a)) from four bza~ ligands and one nitrogen
atom (N(3)) from the btx ligand ( Symmetry code: * —x
-1, —=y+2, —z+1). All the bza™ ligands are full depro-
tonated and act as bidentate ligands binding two Cu
atoms adopting the syn-syn coordination mode. Then
the same four bza~ ligands connect the neighboring
two copper ions (Cu(l) and Cu(la)) in a chelating
coordinated mode to form a binuclear copper unit
(Fig.3) with the Cu-Cu distance of 0.265 nm. The

[ 06 .~
©A¥C33
C2 a5 C28
CoI S,

Thermal ellipsoids drawn at the 50% probability level; All H
atoms are omitted for clarity; Symmetry codes: * —x—1, —y+2, —z+1;

b x4, -y+1, =

Fig.2 View of the asymmetric unit of 1
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coordination mode of Cu (2) is similar to Cu (1), and
two neighboring copper ions (Cu(2) and Cu(2b)) were
also chelated by another four bza ligands to form the
Cu-Cu
distance of 0.263 nm (Symmetry code: " —x+1, —y+1,

similar binuclear copper units with the
—z). The coordination geometry around the copper ions
can be described as slightly distorted tetrahedra with
four oxygen atoms located in the equatorial plane and
nitrogen atom occupy the apical positions. The Cu-N
bond lengths (0.213 0(4)~0.216 2(3) nm) and Cu-O
bond lengths (0.195 7(3)~0.198 8(3)nm) all fall in the
regular range™?. Each btx ligand utilizes its two
apical N atoms as a bidentate linker to bridge two Cu
ions, showing the trans-trans conformation. So the
neighboring binuclear copper clusters are further

linked by the

generating the infinite one dimensional chains (Fig.4)

bidentate bridging ligands (btx)

with the distance of the neighboring binuclear copper

units about 1.564 nm.

Symmetry code: * —x—1, —y+2, —z+1

Fig.3 View of the binuclear copper clusters in 1

Cul® Ccu Cu2e

Symmetry codes:® —xv—1, —y+2, —z+1; " —w+1, —y+1, —z; “ 242,

y=1, z=1; =2, y+1, z+1
Figd 1D chainlike framework of compound 1 based on
the binuclear copper clusters
2.3 Thermal property
(TG-DTA) has been measured
for complex 1. As shown in Fig.5, complex 1 shows a

(caled. 85.08%) in

Thermal analyses

continuous weight loss of 84.73%

the 33 ~700 °C, which can be attributed to the
combustion of all the organic ligands in 1. In the
corresponding DTA curve, there is a strong endothermal
peak at 260 °C , resulting from the removal of
coordination organic groups in compound 1. The
exothermal peak observed at 579 °C in the DTA curve
indicates the collapse of the skeleton whole
framework. All the data above illustrate that compound

1 retains a comparatively good thermal stability.

100 4
80 F2

60

Weight / %

404

20 4

0 200 400 600
T/ T

Fig.5 TG-DTA curves of complex 1

2.4 Fluorescent property

Photoluminescent properties of complex 1 and
the free ligands were investigated in the solid-state at
room temperature. Both ligands btx and Hbza display
strong fluorescence emission. Bix is a conjugated
organic compound which gives a strong fluorescent
emission at 470 nm when excited at 395 nm.
Compared with fluorescent emission resulting from p*-
p transition of bix, that of the p*-n transition of bza~
is much weaker. As strong electron withdrawing
groups, carboxylate ligands almost have no contribu-
tion to the fluorescent emission™?!. Complex 1 shows
strong fluorescent emissions with a maximum at 530
nm (Fig.6), at A,=398 nm. Therefore, emission bands

in 1 can be attributed to the emission of ligand-to-

1

Intensity (a.u.)

400 4%0 5(|)0 550 6(|)0 65|0
Wavelength / nm

Fig.6  Solid-state emission spectra of 1 and btx at

room temperature
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metal charge transfer (LMCT), which has been found
in some reported copper coordination polymers %,
The emission in the green region suggests that the
complex may be potential green-light emitting
materials, which is rarely observed in the copper

coordination complexes.
3 Conclusions

In this paper, by introducing both the simple rigid
ligand (benzoic acid) and flexible bis (triazole) ligand
(btx) into the coordination system, a new one dimen-
sional chainlike coordination polymer was obtained. In
this complex, all the carboxylate ligands adopt the
bidentate bridging mode binding two Cu atoms, and
four bza~ ligands connect the neighboring two copper
ions in a chelating coordinated mode to form a binuclear
(dc.c=0.26 nm). Then the neighboring
binuclear copper units are further linked by the flexible

copper unit

bis (triazole) ligands to extend the whole framework
forming infinite one dimensional chains. The thermal
analysis illustrate that compound 1 retains a compara-
tively good thermal stability and the luminescent
spectra shows that complex 1 shows strong green

fluorescent emission when excited at 398 nm.
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